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Administrative D a t a  

1,0 Purpose of Test: 

The enclosed format include8 the Test Procedures which were required 
to perform the necessary parameter measurements and environmental teste 
in accordance with National Aeronautics & Space Adminiatration Task 
Plo. As. 

2.0 Manufacturer: See individual test reports for vendors 
submitted in this test program. 

3.0 Manufacturer's Type or Model No.: %e individual test reports f o r  
manufacturere, types or model numbers, 

4.0 Drawing, Specification Or Exhibit: N.A.S.A. Task Order NO. ~ 8 ,  Contract 
No. NAS8-2551 (Amends Al, A2, A3 and A4) and verbal instructions from 
an Engineering 'Representative of N a t i o d  Aeronautics & Space Admin- 
i FJ trat ion 

5.0 Quantity of Items Tested: See individual test reports 

6.0 Security Classification of items: Unclassified 

7.0 Date Test Completed: September 24, 1962 

8.0 Test Conducted By: Associated Testing l a b o r a t o r i e s ,  Inc. 

9.0 Disposition of Specimens: Returned to National Aeronautics 
& Space Administration 

10.0 Abstract: 

The Acceptance Tests were performed in accordance with the above refer- 
enced specificatione. Included in this report are the Test Procedures 
which were utilized to perform the parameter measurements and environ- 
mental tests. 
in individual reports identified with the subscripts G231-2890-A, 
G231-2890-B, G231-289O-C, etc. 

The results acquired in this test program are included 
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INTRODUCTION 

For  purposes o f  inventory and s a f e  handling, a l l  u n i t s  received f o r  
t e s t i n g  were s e r i a l i z e d  consecut ively by Aesociated Tes t ing  Lnbora- 
t o r i e s ,  Inc.  and mounted on etyrofoam pads which in t u r n  were plnced 
i n  hand-carry t o t e  boxes. 

P r i o r  t o  conducting any s a i d  parameter Measurements o r  exposing t h e  
t e s t  specimen8 t o  environmental t e s t i n g ,  t h e  proposed t e s t  methode 
and equipment l i s t  were submitted i n  conference t o  t h e  National 
Aeronautics & Space Administration f o r  approval.  
approval ,  t h e  Acceptance Tests were performed i n  accordance wi th  t h e  
prev ious ly  referenced s p e c i f i c a t i o n s  as descr ibed  i n  t h i s  Test Proce- 
dure.  

Following t h i s  

The in-chamber meaaurements, where app l i cab le ,  were performed u t i l -  
i z i n g  e s p e c i a l l y  cons t ruc ted  f i x t u r e s  for in-chamber rneaaurements. 
The f i x t u r e s  were cons t ruc ted  of shee t  aluminum 12 inches by 19 
inches  by 1/4 inch.  
above t h e  chamber f l o o r  by 1/16 inch aluminum etock mounted on t h e  
underaides  of ench t e s t  panel t o  provide p ro tec t ion  f o r  t h e  leade 
connected t o  t h e  Trane i s to r  sockets ,  as wel l  as t o  provide t h e  
necessary sh i e ld ing  t o  e l imina te  . s t r ay  pickup. 
manufactured of hea t  r e s i s t a n t  phenol ic ,  were mounted on each tes t  
f i x t u r e .  
base, c o l l e c t o r  and emitter terminal  on t h e  sockets  t o  e l imina te  t h e  
p o s s i b i l i t y  of recording the  vol tage  drop i n  t h e  cu r ren t  handl ing 
c i r c u i t s .  The l eade ,  o f  No. 20 gauge Teflon wire ,  were cabled to- 
g e t h e r  i n  8 f o o t  lengtha,  ahielded and terminated with Amphenol Type 
Blue Ribbon Connectors with t h e  assembly having an i n s u l a t i o n  re- 
s i e t a n c e  g r e a t e r  than  loo0 x lo00 megohms. 
nec to r s  were wired t o  two ?-deck, 25-posit ion s tepping  switches,  
which were u t i l i z e d  t o  switch t h e  vol tage  and cu r ren t  leads  simul- 
taneously through 25 posi t ions.  The s tepping  switch pos i t i on  was 
indica ted  on Nixie Read-Out Indica tors .  The six outputs  of t h e  
s tepping  switch c i r c u i t s  were interconnected t o  t h e  appropr ia te  
T r a n s i s t o r  tes t  panel o r  a u x i l i a r y  t e a t  equipment as requi red  f o r  
t h e  p a r t i c u l a r  parameter measurement. 

I 

Theae f i x t u r e s  were, i n  tu rn ,  supported 5 inches 

T h i r t y  t e s t  sockets, 

Separa te  vol tage  and cu r ren t  l eads  were connected t o  each 

The mates t o  t h e s e  con- 

I n  general , when performing t e s t s  under opera t iona l  environment, t h e  
above mentioned f i x t u r e s  were placed wi th in  t h e  t e s t  chamber, and 
t h e  cab le s  e x i t e d  through the access  p o r t s  wi th in  the  chamber w a l l .  
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INTRODUCTION 

(Continued) 

The chamber temperatures  were con t ro l l ed  by means of two pen cam 
c o n t r o l l e r s  o r  p r e s e t  thermosta t ic  con t ro l s .  Ilowever, t o  compensate 
f o r  temperature g rad ien t s  wi th in  t h e  t es t  space,  thermocouples were 
connected t o  t h e  t r a n s i s t o r  housings and d i r e c t  readout  was accom- 
p l i shed  wi th  a thermocouple br idge.  

I t  should be noted t h a t  t h e  Trans i s to r s  were arranged wi th in  t h e  
t e s t  apace so t h a t  a l l  t e s t  specimens were r e l a t i v e l y  a t  t h e  same 
phyeical level o r  temperature p l a t eau ,  Unless otherwise spec i f i ed ,  
when t h e  thermocouples reached t h e  s p e c i f i e d  temperature  leve l ,  t h e  
t es t  specimens were maintained a t  t h a t  temperature f o r  an a d d i t i o n a l  
two hours of s t a b i l i z a t i o n  p r i o r  t o  performing any s a i d  parameter 
measurements. 

The in-chamber measurements were then  performed u t i l i z i n g  t h e  afore-  
mentioned swi tch ing  c i r c u i t s  and t h e  T r a n s i s t o r  t e s t  coneole. 
s p e c i f i c  parameter measurements are descr ibed i n  t h e  Test Procedure 
po r t ion  of t h i s  r epor t .  I n  add i t ion ,  it should be noted t h a t  a t  no 
time dur ing  t h e  t e a t  sequence was t h e  switching accompliehed wi th  
b iaa  vo l t ages  appl ied  t o  t h e  T r a n s i s t o r  under t e a t .  

The 

!Vith t h e  except ions  noted, a l l  semi-conductor u n i t s  submitted f o r  
t e s t i n g  were rece ived  i n  two l o t s .  The t e s t  parameter measurement8 
and environmental t e s t s ,  except where noted, w e r e  performed on t h e  
f i r a t  l o t  submitted.  Those samples submitted f o r  t e s t i n g  i n  t h e  
second l o t  ( r equ i r ed  t o  f u l f i l l  t h e  spec i f i ed  number of samples f o r  
s to rage  and ope ra t iona l  l i f e )  were subjec ted  to "Pie L i f e  End Poin t  
Measurements" only,  and then i n s e r t e d  i n t o  t h e  l i f e  tes ts .  The 
s p e c i f i c  s e r i a l  numbers of vendors subjec ted  t o  t e s t  parameter mea- 
surements, environmental t e s t s  and l i f e  t e s t i n g  may be seen by re- 
f e r r i n g  t o  t h e  o r i g i n a l  t e s t  d a t a  and summary of  t he  t e s t  resul ts  
f o r  t he  s p e c i f i c  vendors. 
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15. 

16. 

17. 

18. 

19. 

20. 

21. 

LIST OF APPARATUS 

Transistor Test Set, Baird-Atomio, Inc., Model No. KP-2-B 

Transistor Test Set, Dynatran Electronics, Model No. 200 MC 

Trannistor Curve Tracer, Tektronix, Model No. 575 

Oscilloscope, Tektronix, Model No. 585 

Oscilloscope, Tektronix, Model No. 502 

Oscilloscope, Tektronix, Model No, 502 

Oscilloscope, Tektronix, Model No. 54% 

Oscilloscope, Herlett-Packurd, Model No. 150A 

Amplifier, Herlett-Packard, Model No. 152B 

Amplifier, Tektronix, Model No. CA 

Wide Range Oscillator, Rewlett-Pnckard, blodcl No. 202C 

Wide Range Oscillator, Hewlett-Packard, Model No. 2000 

Pulse Generator, Electro-Pulse Inc., Model No. 3450C 

Pulse Generator, Electro-Pulse Inc., Node1 No. 3450C 

Random Noise Generator, General Radio Company, Made1 No. 1390B 

Tranaiator Noise Analyzer, Quan-Tech Laboratorier, Model No. 310 

AC Voltmeter, Herlett-Packard, Model No. 4OOH 

AC Voltmeter, Herlett-Packard, Model No, GOOD 

,IC Voltmeter, Henlett-Packnrd, Model No. 4OOH 

Digital Voltmeter, Cubic Corporation, Model No. V-51 

DC Digital Voltmeter, Herlett-Packard, Model No. 405CR 

~- ~ 
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30. 

31 
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33. 

34. 

35. 
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37 

38. 

39. 

40. 

LIST OF XpPARlrn 

(Continued) 

DC Voltmeter, Hewlett-Packard, Model No. 41% 

DC Voltmeter, Hewlett-Packard, Model No. 412.4 

M: Voltmeter, Bewlett-Packard, Model No. 412A 

DC Voltmeter, Hewlett-Packard, Model No. 412A 

DC Voltmeter, Hewlett-Packard, Model No. 41% 

M: Microvolt Ammeter, Hewlett-Packard, Model No. 425AR 

DC Microvolt Atmeter, Hewlett-Packard, Model No. 425'1 

DC Microvolt ,lneneter, Ilewlett-Packard, Model No. 425A 

DC Millimicro Amneter, Dynatran Electronics Corp, Model No. 1811-AR 

Multimeter, AVO Ltd., Model No. 8, Mark I1 

Multimeter, AVO Ltd., Model No. 8, Mark 11 

Multimeter, AVO Ltd., Model No. 8, Mark 11 

DC Power Supply, Electronic Measurements Co., Inc., Model No. 2 1 2 - M  

DC Power Supply, Electronic Measurements Co., Inc., Model No. 212-Abf 

DC Power Supply, Electronic kfeaeurementr C o r ,  Inc., Model No. C61WL 

DC Power Supply, Electronic Measurements Co., Inc. , Model No. 212A/M 
DC Power Supply, Electronic bleasurements Co., Inc., Model No. c621-AM 

DC Power Supply, Electronic Measurement8 Co., Inc., Model No. ~ 6 1 % ~  

DC Power Supply, Electronic Measurement8 Co., Inc., Model No. C614BML 
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47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

LIST OP APPARATUS 

(Continued) 

DC Power Supply, Lambda Electronics Corp., Model No. 50 

DC Power Supply, Lambda Electronics Corp., Model No. 26 

DC Power Supply, Sorenron & Company, Inc., Model No. T50-1.5 

DC Power Supply, Sorenron & Company, Inc., Model No. T50-1.5 

DC Power Supply, Opad Electrio Company, Model We. rOa/P 

DC Power Supply, Opad Electria Company, Model No. WjB 

DC Power Supply, Opad Electria Company, Model No. XM93B 

DC Power Supply, Opad Electric Company, Model No. W 3 B  

DC Power Supply, Opad Electric Company, Model No. RS20 

DC Power Supply, Opad Electric Company, Model No. RS20 

DC Power Supply, Opad Eloctric Company, Model No. RS20 

DC Power Supply, Opad Electric Company, Model No. Bs20 

DC Power Supply, Opsd Eleatric Company, Model No. RS20B 

DC Power Supply, Opad Electric Company, Model No. RSlOB 

DC P m r  Supply, Qutm Troh. Laboratorios, Model No. 151B 

Vernier Caliper, Maueer 

Mioroeeter Caliper Set, Starratt Company, Model No. 436 

High Temperature - Low Temperature Humidity Test Chamber, 
manufactured by Associated Testing Laboratories, Inc., 
manufacturing Divieion, Model No. LllH 25 

High Temperature - Low Temperattwo Test Chamber, manufactured 
by Aarociated Testing Laboratories, Inc., Manufacturing Division, 
Blodel No. 3-LH-15-U 
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60. 

61. 

62. 

63.  

64. 

65. 

66. 

LIST OF APPARATUS 

(Continued) 

High Temperature - Lor Temperature Test Chamber, manufactured 
by Assooiated Teeting Laboratories, Inc., Manufacturing Division, 
Model No. 3-U-15-LC 

Altitude Chamber, manufactured by Aesoaiated Testing Laboratories 
Inc., Manufacturing Divirion, Model No. A-4-L 

Altitude Chamber, Kinney Company, Model No. Ilw-600 

High Preerure Chamber, Aaeociated Testirq Laboratories, Inc., 
Manufacturing Divirion, Model No. PC-300 

Shock biachine, manufactured by Asaociated Testing Laboratories, 
Inc., Manufacturing Divieion, Model No. ST-15 

Vibration Syrtem coneisting of the following: (Vibration Exciter 
and Control Console), Unholtz-Dickie, Model No. 200 VU84 

Hot Plate, Mwin L. Wiegand Co., Modo1 No. ROPE151 
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f t  ehoald be noted that t h e  gaoerrrl pclicy o f  Aasociatcd Testi- 

Laboratories, h e .  for  making any'electrical rertdings is an fol- 

l o w  t 

(1) Wherever peeaible ,  inatramentation for taking measure- 

lnenk have aaouraoiea of  a t  least ten timar .greater 

than t h e  tolaranoe of tho parameter being mesuured. 

(2) A l l  the t e a t  equipent  used in conducting these mea+ 

uresentr are in the frequency apan of calibration 
during the entire test program. If instrumentation 
goea beyond the calibration frequenoy span during the 

t o r t  program, the tert program i e  ntopyed a t  a con- 
venient a p t  and the instruments recalibrated. 

ASSOCIATED TESTING LAnUtWTORlES,  INC, 

Albert Y. Erdman 
V i a e  Preeident - Chief Enginaer 



SECTION I 

Trana i s to r  Test  Parameter Measurement Procedures 

Collector-Base Cut-Off Current  ( ICBO) 

Emitter-Base Gut-Of f Current  (IE330) 

Col l ec to r  Reverse Current  (ICEO) 
Collector-Rase Breakdown Voltage (BVCBO) 

Emitter-Base Breakdown Voltage (BVEBO) 

Col lector-Emi t t e r  Breakdown Voltage (BVCEO) 

Base Emitter Voltage ( D E )  

Base Emi t te r  Sa tu ra t ion  Voltage (VBE SAT) 

Col l ec to r  Emitter S a t u r a t i o n  Voltage (VCE SAT) 
Dc Col l ec to r  Sa tu ra t ion  Resis tance (RCS) 

S t a t i c  Forward Current T rans fe r  Rat io  (DC hFE) 

Emitter-Base Sa tu ra t ion ,  Pulee,  (VEX3 SAT) 
Col l ec to r  Sa tu ra t ion ,  Pulse ,  (VCE SAT) 

S t a t i c  Forward Current Tranefer  Rat io  (Pulse  hFE) 

Lower Limiting vol t age  ( LVCER) 

Forward Current T rans fe r  Rat io  (h fb )  

Small S igna l  Open C i rcu i t  Output Admittance (hob) 

Small Signal  Open C i r c u i t  
Reverse Transfer  Voltage Rat io  (h rb )  

Small S igna l  Shor t  C i r c u i t  Input  Impedance ( h i b )  

Small S igna l  Shor t  C i r c u i t  Input  Impedance ( h i e )  

Small S igna l  Open C i rcu i t  Output Admittance (hoe) 
Small S igna l  Short  C i r c u i t  Forward Current 

Small S igna l  Forward Current  T rans fe r  Rat io  
(hfe  Q 1 MC) 

Tranefer  Rat io  ( h f e  0 IKC)  
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SECTION I 

Traneistor Test Parameter Measurement Procedures 

(Continued) 

Small Signal Forward Current Transfer Ratio 
(hfe  0 20 MC) 

Small Signal Short Circui t  Forward Transfer 
Current R a t i o  Cut-Of f Frequency (Fab) 

Gain Bandwidth Product ( f t) 

Collector Capacitance (Cob) 

Noise Figure ( K . F . )  

Rise ,  Fa l l  and Storage Time Measurements 
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L h i  ting 
Iksirtor 

X i  aro(LpIp0 tar '\ 

DC Vaouum 'RLb. Voltmtor, EowlatbPaekard, Medo1 41Y. 
Yiencull.kr, BovlottSa8krrci, Model 42%. 
DC Suppl~  Soetirn of fh. B a i r d 4 W a  In@. *urrSrkr 
Teat Sot, Udal XPm. 

The b i u  vo l t40  (m) WUJ dewly inoro8rcd to i t a  required 1-1 
rrd tho aelleoter 1o-e aurrent read direatly w i t b  the i o r b m -  
oonneoted m i a r o m t a r  . 
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. 

C O U E C T O W E  CUT-OFF CURR.ENT ( 1 ~ ~ 0 )  

TEST PROCEDURE (Continued) 

If unatable ICBO readings were encountered, the collector leakage 
current measurements were recorded after a ten-second interval. 
Further, if the leakage current approached or  exceeded its rmuimum 
specified value when slowly increasing the biaa, the voltage waa 
immediately removed to avoid damaging the Transistor under test. 

Where possible, voltage correlation of VCB versus ICBO was roo 
corded on the leakage failures to further olarify the data. 
leakage current (ICBO) recorded at room ambient conditions raa not 
to exceed the speaified limit. 

The 

For specific bias teat oonditione required and for  epeoified para- 
meter limits, see the Original Test Data seotion of this report.  
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TEST PROCEDURE 

The Emitter-Baae Cut-Off Current rae measured with the required ro- 
verse biae voltage applied to the emitter-base junction with the 
collector element open-circuited. The meaeurement w a s  performed with 
a Baird-Atomio h a . ,  Model Bp2H, Traneietor Test Set. 
circuit diagram of the Test Set and auxiliary test equipment follewer 

A eimplified 

Limiting 
Res i s t or 

DC Su ply  
( 3Y 

DC Vacuum Tube Voltmeter, Hewlett-Baokard, Yodel 412A. 
Microaunneter, Herlett-Baakard, Yodel 42%. 

Test Set, Model WPI. 
DC Supply Section of the Baird-Atomic Inc. Transistor 

The bias voltage (vE38) was elowly increoeed to its required level and 
the emitter leakage eurrent read directly with a series-aonneoted 
micro annne t e r . 
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EMXTTERAUE CUT-OFF C U R R E "  (Im) 

TEST PROCEDURE (Continued) 

If unetable IEBO readings were enaountered, the emitter leakage cur- 
rents were reoorded after a ten-recond stabilization period. 

Where poesible, voltage aorrelation of YEB versue IEBO was recorded 
on the leakage failures to further clarify the data. 
current (IEBO) recorded at room ambient conditione was not to exeoed 
the specified limit. 

, 
The leakage 

For epecifia bias teat condition8 required and for rpeaified para- 
meter limit8, see the Original Teet Data section of this report. 
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I 

The Colleotor Reverse Current was measured with the epeuified biaa 
voltage applied to the Colleotor and Emitter eleaenta and w i t h  th. 
base element open-airanited. 
equipment follorar 

A simplified circuit diagram and test 

DC 

Limiting m 

(1) 
(2) 

DC Vacuum Tube Voltmeter, HerlettSackard Model 412A 
Constant Voltage Power Supply, Electronic Measurements Co, 
Model 212A 

The bias voltage raa alorly increased until the Collector-Ehitter 
voltage (VCE) reaohed the required value. 
was then recorded as tho Collector Reveree Current (ICEO). 
measured at room ambient conditione, the reverae current waa not to 
exceed the epecified limit. 

The Collector Current (IC) 
When 

For specific bias  teat conditions required and f o r  specified para- 
meter limits, Bee the Original Test Data seotion of this report. 
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COLLECTOILEASE BREAKDOWN VOLTAGE (BVao) 

TEST PROCEDURE 

The Collector-Base Breakdown Voltage was determined by reveree bias- 
ing the collector to base junction with the emitter element open- 
oircuited, This was aocomplished utilizing the Baird-ltomic Ino., 
Model I(p2H, Traneietor Teat Set. The Teat Set Parameter Selcotor 
Switah was set in the IC0 position, einoe the circuit configuration 
conformed with that of the IC0 Parameter Meaaurement. A simplified 
circuit diagram of the test set and auxiliary test equipment followsr 

Limiting 
Resistor 

I 

Microammeter \ 

DC Vacuum Tube Voltmeter, Ibrlett-Packard, Model 412A. 
DC Vacuum Tube Voltmeter, Ilerlctt-Pnckard, Model 42%. 

Set, Model KP2H. 
DC Supply Section of the Baird-Atomic Inc. Traneietor Test 

The bias voltage was slowly increased until the leakage or reverse 
current reached the specified valueo The voltage VCB was then re- 
corded ao the breakdown voltage. 
not to be less than the specified limit. 

The measured breakdown voltage w a s  

However, if the breakdown voltage was greater than the specified limit 
before reaching the required current, the bias voltage was ilmnediately 
removed to avoid damaging the teat specimeno Conditions such as these 
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COLLECTOR-BASE BREAKDOWN VOLTAGE ( W d  

TEST PROCEDUFB (Continued) 

were ident i f i ed  i n  the Teat Data as breakdown voltage8 (BVCBO) greater 
than the apec i f i ed  l i m i t ,  

For a p e c i f i c  biao test conditions required and f o r  apec i f ied  parameter 
limitr, see the Original Teat Data Sect ion of thim reporto 
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Tho IPlitt.r.Buo Wuakdwn Veltsge wam dokrPiPld by ~ t . w e r o e  biuiug #o 
emitkr&are junotien w i t h  tho collrotor o l u m t  epur ofrouif.& Thio 
wsu accomplirhd n f f l i i i 4  the 8.ild-Aforicr Ine. Tranrirfor Tert Sot, 
Yodel EP2E unci a p x i l i w  tort oquiprrrrf, 
Switsb waa r o t  in tho IBO porition, rinao th. circuif eenfiguration con- 
forrwd w i t h  that of tho IEO Parawkr Moaeurclmnt. A rimp1ifi.d ofrauit 
diagram o f  tho Tort Set and mxiliuy tart equlpaenf fsllorrr 

Th. Teat Se6 Parameter Selector 

DC Veeuum Tdbq Voltmrkr, Rewlatt-PaoLud, Yodel 4l2A, 
M: Vamm Tuk V e l t w k r ,  Eeulatt-PaoL.rd, Yodel 42%, 
DC Supply Seat ion  of the B l i r d 4 t m i a  he. Tranrirtor Toot 
Sot, Mod01 

Tho biao rolfalr  WM slowly ineroao.8 until tho loakago or rmrce 
aurronf reaohed tho spoaifird value. TJm voltage VBB WM recordod 
ao tho brvakdarn v0ltagoe 
to bo 190s t h ~  the r p d f i e d  limit, 

Tho mouurod broakdom voltage u u  not 



EIiITTW BASE IREAKDWN VOLTAGE   WE^) 

TEST PIlOCEDURE (Continued) 

However, if the breakdown voltage was greater than the specified limit 
before reaching the specified reverse current, the biaa voltage was im- 
mediately removed to aroid damaging the test epecimen. Conditione such 
ai these were identified in the Test Data aa breakdown voltages (BVEBO) 
greater than the specified limit. 

For specific bias teat conditionr required and for specified parameter 
limits, Bee the Original Test Data Section of this reporto 
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COUECTOR-~ITTER BREAKDWN VOLTAGE ( W C E O  1 

TEST PROCEDURE 

The Collector-Emitter Breakdown Voltage (BVCEO) was measured with 
a biae voltage applied to the collector-emitter elements with the 
bare open circuited. 
Atomic Inc. Transietor Tert Set, Model KP2H and auxiliary teet 
equipment. A simplified circuit diagram of the test set and auxili- 
ary test equipment follow: 

This was accomplished utilizing the Baird- 

Microammeter 

Reeistor 

Dc 

DC Vacuum Tube Volbeter, Hewlett-Packcard, Yodel 41!2A, 
DC Vacuum Tube Voltmeter, Bewlett-Packard, Model 42%. 

Set, Model KP!Ui 
DC Supply Section of the Baird-Atomic lnco Transistor Teat 

The biae voltage was slowly increased until IC reached the specified 
value. The voltage, VCE, was then recorded as the Collector-bitter 
Breakdown Voltage ( B V C E O ) .  
to be lere than the specified limit. 

The mcaeured breakdown voltage war not 

A s s o c i a t e d  Testing L a b o r a t o r i e s ,  Inc.  
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COLLECTOR-EMITTER HGAKDCH" VOLTAGE (BVCEO) 

TEST PROCEDURE (Continued) 

However, i f  the  breakdown vol tage was g r e a t e r  than the s p e c i f i e d  
l i m i t  before  reaching t h e  required reverse  cu r ren t ,  t he  biaa vol tage  
wae immediately removed t o  avoid damaging the  tes t  ~pecimen. Condi- 
tion# such as theee were i d e n t i f i e d  i n  the Teat Data breakdown 
vol tages  (BVCEO) g r e a t e r  than the  s p e c i f i e d  l i m i t .  

For s p e c i f i c  bias t e a t  condition8 requi red  and f o r  epec i f i ed  parameter 
l i m i t s ,  see  the Or ig ina l  Teat Data Sec t ion  of t h i s  r e p o r t o  
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BASE EbiITTER V O L W E  (VIE1 

TEST PROCEDuaE 

The Bare-Ehitter Voltage (VBE) wao measured utilizing a Baird-Atomic 
Inco Traneistor Teat Set, Model KP2H and auxiliary teat equipment. 
A simplified circuit diagram of the Tent Set and auxiliary teat 
equipment follows: 

DC VTVM (1) 
Milliammeter 

+1_ Collector 
SUP 1Y 

(2 f  

1 I I 

DC Vacuum Tube Voltmeter, Herlett-Packard, Node1 4 l U 0  
DC Supply Section of the Baird-Atomic, Inco Tranairtor 
Test Set, Model KP2H0 

The bias voltages were slowly increaeed until the collector and base 
currents reached their rpecified values. When these condition$ were 
established, the Base-Emitter Voltage (VBE) was measured and recorded. 

The Base-Emitter Voltage (VBE) was not to exceed the specified limit. 

For epecific biaa teat conditions required and for specified parameter 
limits, see the Original Teet Data Section of this report. 
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BASE EMITTER SATURATION VOLTAGE (VBE  SAT^ 

TEST PROCEDURE 

The b e e  t o  emi t t e r  vo l tage  was measured with t h e  b i a s  condi t ion8 
e s t ab l i shed  as required,  
Atomic Inc,  T rans i s to r  Test S e t ,  Model KP2H. 
diagram of the  Tert S e t  and a u x i l i a r y  t e a t  equipment follows: 

This was accomplished u t i l i z i n g  the  Baird- 
A s impl i f i ed  c i r c u i t  

L i m i  tiag 
M i  1 

Res i s to r  f l  

DC Vaouum Tube Voltmeter, Hewlett-Packard, Model 412A, 
DC Supply Sec t ion  of the Baird-Atomic, Inc,  T rans i s to r  
Test S e t ,  Model KP2II. 

The b i a s  vol tages  were alowly increased unti l  the c o l l e c t o r  and 
base cur ren t s  reached t h e i r  spec i f i ed  values.  When these  condi t ione 
were e s t ab l i shed ,  the base t o  e m i t t e r  vo l tage  (W) w a s  measured and 
recorded as VBE SAT. 

The base t o  e m i t t e r  vo l tage  (VBE SAT) w a s  no t  t o  exceed the  spec i f i ed  
l i m i t ,  

For s p d c i f i c  b i a s  t e a t  cond i t iom required and f o r  s p e c i f i e d  parameter 
l i m i t s ,  see the  Original  Teat Data Sect ion  of t h i s  repor t .  
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COLLECTOR EbdIT'ER SATURATION VOLTAGE (VCE SAT), 

The c o l l e c t o r  t o  e m i t t e r  vol tage r a a  measured with t h e  b i a s  cond i t ions  
e s t a b l i s h e d  as required,  
Atomic, Inco T r a n s i s t o r  Test  S e t ,  Model KPZH, A s i m p l i f i e d  c i r c u i t  
diagram of the  Teet S e t  and a u x i l i a r y  tes t  equipment follows: 

This was accomplished u t i l i s i n g  the  b i r d -  

DC Vacuum Tube Voltmeter, Hewlett-Packard, Model 41!&, ti{ DC Supply S e c t i o n  of the  Baird-Atomic, Inc,  T r a n s i s t o r  
Test  Set,Model W2H 

The b iae  vo l t ages  were slowly increased u n t i l  the c o l l e c t o r  a x  base 
c u r r e n t s  reached t h e i r  epec i f i ed  values,  When these conditiona were 
e s t a b l i s h e d ,  the co l l ec to r - emi t t e r  voltage (VCE) w a s  measured and re- 
corded as VCE SAT, 

The Co l l ec to r  S a t u r a t i o n  Voltage (VCE SAT) raa not  to exceed the  speci-  
f i e d  l i m i t .  

For s p e c i f i c  b i a s  t e a t  condi t ions required and fo r  s p e c i f i e d  parameter 
l i m i t o ,  aee the  Original  Teet Data Sect ion of t h i s  repor to  
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DC COLLECTOR SATURATION RESISTANCE (RS) 

TEST PROCEDURE 

The Sa tu ra t ion  Resis tance w a s  determined by first measuring the  
s a t u r a t i o n  voltage.  
with the  required b i a s  conditione applied. 
the tes t  c i r c u i t  and a u x i l i a r y  t e s t  equipment f o l l m s :  

The Col lec tor  Sa tu ra t ion  Voltage was measured 
A s impl i f i ed  diagram of 

DC VTVM (2) 
Mil1ianmeter-c 

Constant Current Supply, E lec t ronic  Measurements Coo,  Model 612A. 
DC Vacuum Tube Voltmeter, Hewlett-Packard, Model 412A. 

The b i a s  vol tages  were increased un t i l  the Col lec tor  and Base cu r ren t s  
reached t h e i r  epec i f i ed  values. 
the  C o l l e c t o r - h i t t e r  Voltage was measured and recorded as VCE SAT, 
The Col l ec to r  Sa tu ra t ion  Resis tance w a s  determined by using the  follow- 
ing fonaulat  

When these  condi t ions were e s t ab l i shed ,  

(VCE SAT), 
I C  % s a  

Where: Bcs E S a t u r a t i o n  Resis tance 

VC&,T .I Sa tu ra t ion  Voltage 

IC = Current where VC~SAT was measured 
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DC COLLECTOR SATURATION RESISTANCE (w) 

TEST R~OCEDURE (Continued) 

The Col lector  Saturation Resistance wa8 not to exceed the s p e c i f i e d  
l i m i t .  

For s p e c i f i c  b i a s  t e e t  conditiona required and for spec i f i ed  parameter 
l i m i t s ,  see the Original Test  Data Section of t h i e  report, 

$ 
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STATIC PORWABD CURRENT TRAusm RATIO (DC hm) 

TEST PROCEWRE 

The Static Forward Current Transfer Ratio (DC hFE) was determined 
utilizing the DC Supply Section of the Baird Atomic, Inco Transistor 
Test Set, Model KP2H. 
and auxiliary equipment follows: 

A simplified circuit diagram of the Test Set 

DC VTVU (2) 
Mi 1 1 i m e  ter 

Base 
SUP 1J 

(3P T -  
Collector 
SUP 1Y 

(37 

Microammetar, Bcnlett-Packard, Model 42%. 
DC Vacuum Tube Voltmeter, Iienlett-Packard, Model 412A. 

Teat Set, Model KP2H, 
DC Supply Sections of the Baird-Atomic, Inc, Transirtor 

With the proper collector to emitter voltage VCE applied, the base 
drive was slowly increased until the collector current (IC) reached 
the required value. With them conditions eatablished, the base current 
(IB) was measured on the series connected microemmetor. 
were recorded and inserted in the following expression: 

These valuer 
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TEST PROCEDURE (Continued) 

The S t a t i c  Forward Current Transfer Ratio (DC hF'E) w a s  not  to be 
less than the s p e c i f i e d  l i m i t ,  

For e p e c i f i a  biae test  conditione required and f o r  spec i f i ed  parameter 
l i m i t s ,  8ee the Original Test Data Sect ion o f  this report,  

Assoc ia ted  Test ing  l a b o r a t o r i e s ,  l n c .  
Wayne, New Jersey Winter Park, Florida 

Burlington, Massachusetts 



EMITTER-BASE SATURATION, PULSE, (VEE SAT) 

TEST PROCEDURE 

The Emittor-Base Voltage was measured with the specified bias voltage 
applied. 
utilizing a test circuit similar to the simplified circuit diagram 
and test equipment as follows: 

The measurements were performed under pulse conditions 

DC Su p l y  
(3P 

Oscilloscope, Tektronix, Model 54%. 
Pulse Generator, Electro-Pulse, Inc., Model 3450C. 
DC Supply, Sorenaon & Co., Inc,, Model T50-1,5, 

Primarily, the input pulse was adjusted to the required pulse width 
and duty cycle. Simultaneously, the pulse amplitude and biae voltage 
were adjusted so that under pulsating conditions the collector current 
IC reached the required value khich was monitored as a voltage drop I 
across tho 10 ohm collector resistor) and t h e  bare current IB reached 
the required value (which was monitored as a voltage drop across the 
100 ohm base resistor). 
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EMITTER-BASE SATURATION, PULSE, (VEB S A T ~  

TEST PR0CEI)URE (Continued) 

With the  above condi t ione ea tab l iehed ,  the emitter t o  base vol tage  
VEB was observed on t he  osc i l loscope  and the value recorded a8 the 
Emitter-Baee Sa tu ra t ion  Voltage (VEB SAT). 

The h i t t e r - B a s e  S a t u r a t i o n  Voltage was no t  t o  exceed t h e  s p e c i f i e d  
l i m i t ,  

For s p e c i f i a  b i a s  t e e t  condi t ione required and f o r  epec i f i ed  parameter 
l i m i t s ,  see the Original  Tes t  Data Sect ion of t h i s  repor t ,  
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COLLECTOR SATURATION, PULSE, (VCE SAT) 

TEST PROCEDURE 

The aollector to emitter voltage was measured with the specified bias 
voltage applied. 
tione utilizing a test circuit similar to the simplified circuit dia- 
gram and test equipment as follows: 

The measurements were performed under pulse condi- 

Scope - 1B 
(1) 

Pulse 
Generator 

(2 )  

Scope 
(1) 

- 1c 

Dc su ply 
( 37 

Oscilloscope, Tektronix, Model 545A. 
Pulse Generator, Electro-Pulee, Inc., Model 3450C. 
DC Supply, Sorenson & Co., Inc., Model T50-1,5. 

Primarily, the input pulse was adjusted to the required pulse width 
and duty cycle. Simultaneously, the pulse amplitude and bias voltage 
were adjusted eo that under pulsating conditions the collector current 
IC reached the required value (which was monitored as a voltage drop 
across the 10 ohm collector resistor) and the base current I B  reached 
the required value (which was monitored ae a voltage drop across the 
100 ohm baee resistor). 
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COUCTOR SATURATION, PULSE:, (VCE  SAT^ 

TEST PROCEDURE (Continued) 

With the above condi t ions eatabl ished,  the  c o l l e c t o r  t o  e m i t t e r  vo l t age  
(VCE) was observed on t he  Oaailloscope d the  value recorded as the 
Co l l ec to r  S a t u r a t i o n  Voltage (VCE SAT). 

The Collector  S a t u r a t i o n  Voltage (VCE SAT) w a s  n o t  to exceed the speci-  
f i e d  l i m i t .  

For s p e c i f i c  b i a s  t e a t  condi t ions required and f o r  s p e c i f i e d  parameter 
l i m i t r ,  see the Original  Test Data Sect ion of t h i s  r epor to  
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STATIC FOH#'AEU) CUItRENT TRANSFER RATIO (PULSE hm) 

I TEST PROCEDURE 

The S t a t i c  Forward Current Transfer  Rat io  w a s  measured under pulse 
condi t ions,  A s impl i f i ed  c i r c u i t  diagram and auxiliary test equip- 
ment follows: 

Scope - 1 B  

M: su ply  
(2P 

Oscil loscope,  Tektronix, Model 54%. 
DC Supply, Sorcnson 8 Co,, Inc , ,  Model T50-1.5, 
Pulse  Generator, Electro-Pulae,  Inc, ,  Model 3450C, 

Pr imar i ly ,  the  i npu t  pulse w a s  adjusted t o  t he  requi red  pulse  width 
and duty  cyc le ,  Simultaneously,  the pulse  amplitude and b i a s  vol tage  
VCE were adjus ted  so t h a t  under pu l sa t ing  conditioxu (pulse DC l e v e l  
a t  nraxilmun amplitude) VCE reached the requi red  value a t  t h e  s p e c i f i e d  
c o l l e c t o r  c u r r e n t  IC (which was monitored as a vol tage  drop ac ross  the 
10 o h  c o l l e c t o r  resistor), 
s i s t o r  was then observed and measured on an osc i l loscope ,  The vol tage  
drop i n  vol ts  was analagour t o  the  base cur ren t  IB i n  mill iamperes 
s ince  a 1K base r e s i s t o r  was se l ec t ed  t o  perform the  measurement, 

The vol tage drop across  the  l K  base re- 
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STATIC F0IUVM.D CURRENT TRANSFER RATIO (PULSE hm) 

TEST PROCEDURE (Continued) 

The base and co l l ea tor  current8 were eubstituted into  the fol lowing 
expression: 

The S t a t i o  Forward Current Transfer Ratio (Pulse hFE) meaaurementa 
were t o  be within the l i m i t s  a0 spec i f ied .  

For cpecif io  b ias  t o r t  conditions required and for  spec i f i ed  parameter 
l i m i t s ,  aee the Original Teat Data Sect ion of t h i s  reporto 
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LOWER LIMITING VOLTAGE (LVCEB) 

TEST PROCEDURE 

The Lower Limiting Voltage was determined on each Trans i e to r  t e e t  
specinten, 
a u x i l i a r y  t e e t  equipment f o l l m a :  

A s impl i f i ed  c i r c u i t  diagram of the  t e s t  c i r c u i t  and 

Oscilloscope, Tcktronix,  Model 545A, 
Pulee Generator,  Electro-Pulse,  Inc.  , Model 3450C. 

Pr imar i ly ,  the  input  palre waa ad jus ted  t o  the required pulse width 
and duty cycle ,  

The Puloe Generator r a a  interconnected between the c o l l e c t o r  and 
emi t t e r  element6 and e 10 ohm resistor inee r t ed  between the base 
and emi t t e r  t o  biaa the Trans i s to r  v i r t u a l l y  a t  cut-off. The pulee 
amplitude w a s  slowly increased u n t i l  the  c o l l e c t o r  cur ren t  o r  reverse  
cu r ren t  reached the epec i f ied  value and the  vol tage  VCE recorded as 
the  Lower Limiting Voltage. 
mined 
(a propor t iona te  vol tage  drop across 10 ohme). 

The r e s u l t i n g  c o l l e c t o r  c u r r e n t  waa de te r -  
u t i l i z i n g  t h e  vol tage  drop across  the 10 ohm c o l l e c t o r  r e s i s t o r  

Assoc ia ted  T e s t i n g  L a b o r a t o r i e s ,  Inc .  
Winter Park. Florida Wayne, New Jersey 
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LWEX LIMITING VOLTAGE (LVCE31 

TEST PROCEDURE (Continued) I 

The measured Lower Limiting Voltage (LVCEB) w a s  no t  t o  exceed t h e  
apec i f i ed  l i m i t .  However, i f  t h e  Lower L i m i t i n g  Voltage was g r e a t e r  
than the  s p e c i f i e d  l i m i t  before reaching the  requi red  reverse  cu r ren t ,  
the pulse  amplitude was immediately decreased t o  avoid damaging t h e  
t e s t  specimen. A condi t ion  such aa t h i s  was i d e n t i f i e d  i n  the t e a t  
da t a  as a Lower Limiting Voltage (LVCEB) g r e a t e r  than the  s p e a i f i e d  
l i m i t .  

For s p e c i f i c  b i a s  t e s t  condi t ions  required and for spec i f i ed  parameter 
l irnite,  eee t h e  Or ig ina l  Teat  Data Sec t ion  of t h i r  r epor to  
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TEST PROCEDURE 

In order to inoreare the accuracy of the determination of hfb (Forward 
Current Tranofer Ratio) the measurement was performed in terms of the 
hybrid parameter 1 + hfb ( o r  1 - Alpha). Since hf'b was greater than 
0.9, the accuracy w i t h  which t h o  parameter wae measured incrcaeed by 
a factor of 10, utilizing tho quantity of 1 + hfb as the directly 
measured parameter. A simplified circuit diagram of the Test Set 
and auxiliary test equipment follower 

1 ohm 

10 
Ohm. 

- -  

100 

Osoillatoc 
(2) 

(The DC bias supplies were omitted to simplify the above 
diagram, ) 

AC Vacuum Tube Voltmetor, Hewlett-Packard, Model 400H, 
(2 1 Oscillator, Mewlett-Packard, Model 200CD, 

- Notor The DC bior conditione of VCB and IE were measured on DC 
Vacuum Tube Voltmeters (2) Hexlett-Packard, Model 412A. 

The bias 
(VCB) and the hitter Current (IE) reached their required values. 
the proper DC biao established, an AC signal component rae introduced and 
its amplitude increased until a voltage drop of 10 millivolts (EB) w a a  

voltage was slowly increased until the Collector-Base Voltage 
With 
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I "EST PROCEX?? (Continued) 

observed across t he  1 ohm emi t t e r  resietor,  The meter switch nae 
then t r a n s f e r r e d  t o  i ts  "E$' pos i t i on  and t h e  voltage drop acrose the 
100 ohm base r e s i e t o r  measured (AC component), These valuee were re- 
corded and i n s e r t e d  in t h e  following expreesiont 

Tho oa lcu la t ed  va lues  of hfb r e t e  t o  b. wi th in  t h e  range of s p e c i f i e d  
value a 

For r p e c i f i e  biaa t e s t  condi t ions  required and f o r  s p e c i f i e d  parameter 
l i m i t o ,  s ee  the  Or ig ina l  T e a t  Data Sea t ion  of t h i s  repor t .  
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SMALL SIGNAL OPEN CIRCUIT OUTPUT ADMITTANCE (hob) 

TEST PROCEDURE 

The Output admlttanae (hob) was determined with the signal input AC 
theoretically open circuited and w i t h  the Transistor connected in the 
connuon baee configuration, 
Atomic Inc, Transistor Test Set, Model KP2H and auxiliary teat equip- 
ment. 
e q u i p n t  follower 

Thie wm accomplished utilizing the Baird- 

A simplified circuit diagram of the Teat Set and auxiliary teat 

Oecillator 
(2) 

(The DC biaa eupplies were omitted to simplify the above 
diagram) 

1 AC Vacuum Tube Voltmeter, Hewlett-Packard, Yodel 400H, 
[21 Oscillator, Bewlett-Packard, Model 2 0 0 0 ,  

- Noter The DC bias conditions of VCB and IE were ~1eA8Wed on DC 
Vacuum Tube Voltmetere (2), Hewletf-Packard, Yodel 412A. 

The biao voltage was slowly increaoed until the Collector-Base Voltage 
(VCB)and the Emitter Current (IE) reached their required valuee. With 
the proper DC bias conditions established, a 1KC signal component was 
introduced and ite amplitude increased until a 10 millivolt drop (Ea) 
was observed across the 5 ohm collector resietor. The meter switch was 
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S W  SIGNAL OPEN CIRCUIT OUTPUT ADMITTANCE (hob) 

TEST PROCEDURE (Continued) 

then t r a n s f e r r e d  t o  i t 8  "Q" pos i t i on  and the  vol tage  drop across  the 
100 ohm base r e s i s t o r  measured (AC component). Them value6 were re- 
corded and i n s e r t e d  i n t o  t h e  following exproseion: 

hob * E Ex x laplho 

The ca l cu la t ed  va lues  of hob were t o  be with in  the  range of s p e c i f i e d  
l i m i t o ,  

For e p e c i f i c  b i a r  test condi t ions  required and f o r  epec i f i ed  parameter 
limits, roe the  Original  Teat Data Section of t h i o  report .  
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/- 

I L 

Oraillater 
(2) 

Note1 Th. DC biaa oonditienr of VCB and fg won measured 011 DC 
Vaounm Tub Voltaobrrr (2), Herleft-Paakard, Yodel 41%0 

- 
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SMALL SIGNAL OPEN CIRCUIT 
FIEVERSE l"SF'ER VOLTAGE RATIO (hrb) 

TEST PHOCEDURE (Continued) 

then tramforred to i t 8  "u" porition and the voltage drop acrosa 
the 10,000 ohm emitter resistor meaaured (AC component), 
values were recorded and inserted into the following expreeeion: 

These 

The calculated values of hrb were to  be within the range of specified 
l i m i  t e .  

For rpecific bisr, test condition8 required and for specified parameter 
l i m i t a ,  see the Original Tert Data Seution of t h i s  report. 

Assoc ia ted  T e s t i n g  Labora tor ies ,  Inc .  
Wayne, New Jersey Winter Park, Florida 

Burlington, Massachusett3 



SMALL SIGNAL SHORT CIRCUIT INPUT W E D A N C E  (hib) 

The Input Impedance, base to emitter, was measured with the Transistor 
connected in the common baoe configuration with the output AC theo- 
retically ohort circuited, Thia WBL) accomplished utilizing the Baird- 
Atomic Ino. Tra~irtor Test Set, Model KP2H and auxiliary test equip- 
ment. A simplified circuit diagram of the Teat Set and auxiliary test 
equipment followar 

10 K O h m e  1 Ohm 

(The DC biaa rupplie8 were omittad to eimplify the above diagram.) 

AC Vaouum Tube Voltmeter, Hewlett-Packard, Model 400H. 
Oscillator, Hewlett-Packerd, Model 200CD, 

- Note: The DC biaa conditiom of VCB and IE were meaoured on M: 
Vacuum Tube Voltmeter6 (2) , Ilewlett-Packard, Model 412A, 

The bias voltage was slory increased until the Collector-Base Voltage 
(VCB) and the Emitter Current (E) reached their required values, With 
the propor DC biar conditions established, a lKC si& was introduced 
and its amplitude increased until a 10 millivolt drop (ER) was observed 
acroes the 1 ohm emitter resirtor, The meter switch w a s  then transferred 
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SMALL SIGNAL SHORT CIRCUIT INPUT IbPEDANCE (hib), 

TEST PROCEDURE (Continued) 

t o  its "Ex" pooition and the voltage VEB measured (AC component), 
These value8 were recorded and inoerted into the following expression: 

The Input Impedance was to  be within the range of  l imits  as specified. 

For epecif ic  bias t e s t  conditione required and for specified parameter 
l i m i t s ,  see the Original Test Data Seation of th is  report. 
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SbiAu SIGNAL SHORT CIRCUIT INPUT IMPEDANCE (hiel 

TEST PROCEDURE 

The Input Impedance, base to emitter, was measured with the Transistor 
Connected in the common emitter configuration with the output AC theo- 
retically short eircuited, Thie was accomplished utilising the Baird- 
Atomic Inco Tranaietor Teat Set, Model I62H and auxiliary test equip- 
ment, A simplified circuit diagram of the Test Set and auxiliary test 
equipment follows: 

100 K Ohms 100 Ohms 

(The DC biaa ruppliee were omitted to simplify the above diagram,) 

AC Vaauar Tub. Voltmeter, Hewlett-Packard, Model 4oofi, 
Oscillator, Bewlett-Packard, Model 200CD, 

- Note: The DC bias conditions of VCE and IC were measured on DC 
Herlett-Packard, Model 41%, Vaauum Tube Voltmeters (2) 

The bias voltage w a s  slowly increaeed until the Collector-Emitter 
Voltage (VCE) and t h o  Collector Current (IC) reached their required 
valuea, 
WRS introduced and its amplitude increased until a 10 millivolt drop 
(hh) w a r  observed acrose the 100 o h  barnresistor, The meter aritch 

With the proper DC bias conditions establiehed, a lKC eignal 
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SMAU SIGNAL SHORT CIRCUIT INPUT WEDANCE ( h i e )  

TEST PROCEDURE (Continued) 

was then t r a n s f e r r e d  t o  i t a  "Ex" pos i t i on  and the vol tage  VEB 
measured (AC component). 
i n t o  the following expreesiont 

These values  were recorded and i n s e r t e d  

The Input  Impedance w a s  t o  be within the range of l i m i t s  as spec i f i ed ,  

For s p e c i f i c  bias t e s t  aondi t ions required and f o r  spec i f i ed  parameter 
l i m i t s ,  see t he  Or ig ina l  Test Data Sec t ion  of t h i s  r e p o r t o  
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STORAGE LIFE TEST 

TEST PROCEDURE 

Ten of the  submitted Trans is tore  and Diodes, per  type ,  were in- 
s e r t e d  i n  a Storage Li fe  Test  f i x t u r e  f ab r i ca t ed  by Associated 
Tes t ing  Labora tor ies ,  Inc. The fixture i n  t u r n  was placed within 
the  Model UU-30 High Temperature Test  Chamber manufactured by 
Associated Tes t ing  Laborator ies ,  Inc. 

The i n t e r n a l  tern e r a t u r e  of the  ohamber w a s  r a i s e d  t o  and maintained 
a t  +15OoC (30!PPp for a period of 2000 hours. 

The Transistors and Diode8 were removed from t he  chamber a t  the  
completion of 50, 100, 250, 500, 1000, 1500 and 2000 hours of t e s t i n g  
f o r  end po in t  measurements. 
i n  d e t a i l  on the  ind iv idua l  Storage Life  T e a t  d a t a  ahee teo  

The measurementa performed a re  l i s t e d  

- 
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SMAU SIGNAL OPEN CIRCUIT OUTPUT ADMITTANCE (hoe) 

5 ohms AC 
VTVM 

O h 8  

(1) , 

TEST PROCEDURE 

The output admittance (hoe) was determined with the signal input AC 
theoretically open circuited and with the Transirtor connected in the 
common emitter configuration, This w a a  accomplished utilizing the Baird- 
Atomic Inc, Tranristor Test Set, Model XP2H and auxiliary test equipment, 
A simplified circuit diagram of the Test Set and auxiliary test equipment 
f ollonr : 

(The DC biar supplier were omitted to rimplify the above diagram,) 

(1) 
(2) Orcillator, Hewlett-Packard, Model 200CD, 

AC Vacuum Tube Voltmeter, Herlett-Packard, Model 400H, 

- Note: The DC biaa oonditionrr of VCE and IC were measured on DC Vacuum 
Tube Voltmeterr (2) e Hewlett-Packard, Model 41=, 

The biae voltage raa slowly increaeed until the Collector-bitter Voltage 
(VCE) and the Collector Current (IC) reached their required valuea, With 
the proper DC bias conditions eetabliehed, a lKC signal component was 
introduced and it8 amplitude increased until a 10 millivolt drop ( E g )  
was observed acrose the 5 ohm collector resistor, The meter aritoh was 
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SMALL SIGNAL OPEN CIRCUIT OUTPUT ADMITTANCE (hoe1 

tkon trurrforiu8 to ita "Sf poritioa and tho  voltago &OR mrooa tho 
one obm omittor rosirtor r u u r o d  (AC aomponont). 
corded a d  inrortod info tho following oxprerriont 

Thore raluor woro re- 

Tho aaloulatod ralaos of hoo woro fo bo within tho range of rpoaified 
limit.. 

For rpocifia biaa t o r t  aonditielu required and for 8pCifi.d parmter 
limit., 1.0 tho Original Tort Data Seotion ef thir reporte 
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SMALL SIGNAL SEOBT CIRCUIT FORYARD CURRENT 
TRASFEll RATIO (hfa @ X C )  

The Forward Current Transfer Ratio (hie) was measured with the output 
AC theoretiually short circuited and with the Transistor connected in 
the common emitter configuration. Thin w a s  accompliehed utilizing 
the Baird-Atomic Incc Traneietor rest Set, Model XP2H and auxiliaq+ 
tort equipment. 
auxiliary equipment follows; 

A simplified circuit diagram of the Teat Set awl 

1 ohm 

100 K Ohms 100 Ohms 

Oscillator AC VTm 
(2) 

(The DC biaa eupplier were omitted to simplify the above diagram.) 

AC Vacuum Tube Voltmeter, Hewlett-Packard, Model 400H. 
Oecillator, Hewlett-Packard, Model 200CD. 

- Note:  The DC bias condition8 of VCB and IE were measured on DC 
Vacuum Tube Voltmeterr (2), Herlett-Packard, Yodel 412A. 

The bias voltage waa slowly increaeed until the Collector-Base Voltage 
(VCB) and the Emitter Current (IE) reached their required values. 
tho proper DC bias eetablished, a lKC eignal component was introduced 
and its amplitude increased until a 10 millivolt voltage drop (a) was 
observed aaroar  the 100 o h  baee resistor, The meter switch ram then 
transferred to ita "E&" poeition and the voltage drop acroam the 1 ohm 

With 
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S U  SIGNAL SHORT CIRCUIT FOWARD flW"T 
TRANSFER RATIO (h ie  0 lKC) 

TEST PROCEWRE (Continued) 

colleutor was measured (AC component), 
and inserted into the following expresaion: 

These values were recorded 

The Forward Current Transfer Ratio (hfe) rao not to be l e se  than the 
specified l i m i t ,  

For spec i f ic  bias test conditions required and for  specified parameter 
l i m i t s ,  see the Original Test Data Section of thie  report, 
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SMALL SIGNAL FORWARD CURRENT TRANSFER UTI0 
(hfe 0 1 UC) 

TEST PROCEDURE 

The common emitter forward current tranrfer ratio (hfe) was measured 
on each transietor teat specimen at the test frequency of 1,O mega- 
cycle. This waa accompliahed utilizing an especially fabricated in- 
rtrument as a h m n  in the circuit diagram on the following page. 

The necessary external bias rupplies were connected (grounded base 
biasing), an RF rignal generator was connected to the "Sig Gen Input" 
and a wide band AC vacuum tube voltmeter was connected to the "EIN" 
and "0" terminale. 

The DC biae supplies were slowly increased until the specified condi- 
tions of the collector-emitter voltage (VCE) and the emitter current 
(IE) were obtained, 
cycle signal component was introduced and slowly increased until a 
meter reading of 3.16 millivolts was observed acrosr the "EIN" termin- 
a18 and "GND" (full scale deflection on the 3 millivolt range). The 
vacuum tube voltmeter was then transferred to the "Eout" and "GND" 
terminals and the AC output signal read directly in terms of common 
emitter current gain on the 3 millivolt range, 0 - 10 or 0 - 100, 
depending upon the setting of the gain switch "Sl", 

With these conditions established, a 1,O mega- 

The current gain when meaeured at a test frequency of 1,O megacycle 
was not to be leea than the specified limit, 

A s s o c i a t e d  T e s t i n g  l a b o r a t o r i e s ,  I n c .  
Wayne, New Jersey Winter Park, Florida 
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Sig 
Sl-Gain 
!hi tab 

I I I 

AC Vacuum Tube Voltmeter, iiewlett-Yackard, Model 4OOH. 
W: Supplies, Opad Eleatric Company, Model Wr75B. 

3 )  R.P. t h e r u t o r ,  General Radio, Uodel 1J30B. 

1 .o MC TUNSISTQB c m  win TEST SLT 

1 MC Test S e t ,  Dynatran Electronics Corporation, Serial No, 610401 
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SMALL SIGNAL FORWARD CURRENT ’ TRANSFER RATIO 
(hfe @ 20 MC) 

TEST PROCEDURE 

The tlommon emitter forward current transfer ratio (hfe) waa measured 
on each transirtor test specimen at the tert frequency of 20 megacyoler, 
Thi8 was accompliahed utilieing an especially fabricated intatrument, 
A block diagram illustrating its basic method of operation ie shown 
on the following page. 

The internal DC bias supplies were slowly increased until the speci- 
fied conditions of the collector-emitter voltage (VCE) and collector 
current (IC) were obtained, Since the overall gain of the RF oscilla- 
tor and amplifier rtage vas fixed, the common emitter current gain was 
observed immediately after establishing the bias conditions, Direct’ 
readout was accomplished by inserting the specimen in a fixed gain 
amplifier, the output of which was detected and presented in terms of 
common emitter gain, 

The current gain when measured at the  test frequency of 20 megacycles 
wa8 not to be less than the specified limit, 
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hfe 20 MC Teat Set 

Transirtor Teat S e t  

1 -------- r 
1 

I 
I I Tranrietor under Teat 

I 

DC Bias 
Supplies 

I 1 

b 4 b i c I 

RF Osc. and Detector 
Amplifier and Direct - RP - 

Readout Amplifier 

Dynatran, Model No. 610591 

i - -  
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SMALL SIGNAL SHOBT CIRCUIT F0IMAR.D TRAUsFJB 
CVRBENT RATIO CUT-OFF FZUpuENcy (Fab) 

The measurement was performod on the Baird-Atomic Inc., Model KP!2H 
Transietor Test Set, Thio w t u  accomplished utiliaing the common base 
current gain (hfb) function of the Transistor Test Set. A simplified 
circuit diagram of the Teat Set and auxiliary test equipment followsj 

10 ohm 1 ohm 1 ohm 

Oscillator, Herlett-Packard, Yodel 200CD. 
AC Vacuum Tube Voltmeter, Hewlett-Yackard, Model 400H, 

Test Set, Model KP2H. 
DC Supply Sections of the Baird-Atomic Inc. Transistor 

Primarily, the bias voltage8 were slowly increased until the collector 
emitter voltage (VCGand the collector current (IC) reached their re- 
quired valuer, 

The omillator frequency w t u  then increased until the output voltage 
"EX" rae equal to ,707 of the input voltage When these condi- 
tiom wore eetabliahed, the frequency waa recorded as Fab, 

The Cutoff Frequency rae to be a value greater than the specified limit. 

For epeaific blae test conditions required and for specified parameter 
limite, sco tho Original Teat Data Seation of this report. 
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GAIN BANIMIDTH PRODUCT (id 

Tranr i s  tor 
Under Teat  

Gain 
100 MC 

100 MC 
Generator ' In Fixed 

The Gain Bandwidth Product (it), the  product of the  grounded emitter 
cu r ren t  gain a t  a spec i f i ed  frequency, mu l t ip l i ed  by t h i s  frequency, 
w a e  determined by u t i l i z i n g  a s p e c i a l l y  f ab r i ca t ed  tes t  set. 
s impl i f i ed  block diagram of the  tes t  r e f  follcnrr: 

A 

r 

Ne t r o r k  
I Detector  . and 

VTVM 
r 

' 

it measured u t i l i z i n g  a Dyaatran Elec t ronic8  Inc,  Test S e t ,  Model 1818 

The measurement wan performed wi th in  the tes t  s e t  by meaeuring the  
cu r ren t  ga in  a t  t h e  required tes t  frequency. 
ponent war appl ied  t o  a a e r i e s  network which introduced the necessary 
m u l t i p l i c a t i o n  f a c t o r ,  al lowing the  parameter ( f t )  t o  be read  d i r e c t l y  
on the i n t e g r a l  vacuum tube vo1trPetcr. 

This c u r r e n t  ga in  com- 

When meaaured a t  room ambient condi t ione,  the Gain Bandwidth Product 
w a s  not  t o  be l ea8  than the  spec i f i ed  l i m i t ,  

For e p e c i f i c  biaa test aonditionta required and f o r  s p e c i f i e d  parameter 
l i m i t a ,  nee the Original  Te8t Data Sec t ion  of thie report .  
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COLLECTOR CAPACITANCE (Cob) 

m ,  I 

The output collector to base capacitanae, including the strap 
capacitance of the Transistor leads and case, wao measured utilising 
a Dynatran Electronic8 Corp, Transistor,Teet Set,  Model 1827,1, A 
simplified block diagram of the Test Set and auxiliary test equipment 
f 0 1 lows : 

Supplies (1) 

(1) DC Supply Section of the bird-Atomic Inc. Transietor Teet 
Set, Yodel KPW, 

(2)  DC Vacuum Tube Voltmeter, Hewlett-Packard, Model 4128, 

The measurement w a s  perfonned at the required test frequency by 
eampling the current flow through the equivalent capaaitor (capacitor 
acr0.8 the collector and base junctionm), since the current IB ir 
thooretically preportional to the capacitance (Cob), The current IB 
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COLLECTOR CAPACITANCE (Cob) , 

TEST PROCEDURE (Continued) 

was measured in term of the voltage drop acrose the 50 ohm bane 
resietor, which in turn, was read directly on a Vacuum !Cube Volt- 
meter calibrated for Cob presentation, 

The proper DC bias conditione as required and AC component voltages 
were applied to the Transistor under test with the emitter open 
circuited to the AC component, The Collector Capacitanoe (Cob) 
measurements were then recordedo 

The collector to base capacitance was not to exceed the epeoified 
limit, 

For specific biaa test conditions required and for specified parameter 
limits, Bee the Original Test Data Section of this reporto 
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NOISE FIGUBE (N.F,) 

1 KC 
Signal  
Source 

The r a t i o  of the  t o t a l  no ise  power a t  t he  output  of t h e  Trans i s to r  
t o  t h a t  component of no ise  output  due t o  the thermal noise  i n  the  
aource w a s  measured on a noise  t e e t e r  (T rans i s to r  Noiee A n n l p e r ,  
Quan-Tech Laboratorioe Model 310), A s impl i f i ed  block diagram of 
the  instrument  fol lowst  

1 

Converter 
RMS Noiee 

t o  DC 

T r a n s i s t o r  1 KC 
Under Test - Narrow , 

I n  Fixed Bandpass 
- 

Gain F i l  t o r  

Since the Noise Figure increasos  s u b e t a n t i a l l y  with inc reas ing  e m i t t e r  
cu r ren t  and a o l l e c t o r  vo l tage ,  the  col leotor-base b i a s  vol tage  and 
the  e m i t t e r  c u r r e n t  were c r i t i c a l l y  ad jus ted  t o  each of t h e i r  requi red  
va lueso  The no i r e  output  w a r  then recorded i n  microamperes DC as ob- 
served on the  Vacuum Tube Voltmeter. 
F i y r e  by us ing  a nomograph suppl ied with the t e s t  s e t ,  r h i a h  r e l a t e d  
thermal noise  i n  Rg (500 o h )  at room ambient temperature t o  the  out- 
pu t  no ise  of the  Trans i s to r  Amplifier,  as compensated for f i l t e r  band- 
width. 
Gain w a s  au tomat ica l ly  cor rec ted  by the AGC System i n  the Test  U n i t ,  

Thia w a s  converted t o  Noise 

Since the c u r r e n t  gain (B) of each Trans is tor  w a s  d i f f e r e n t  the 

The Noiee Figure w a s  no t  to exceed the s p e c i f i e d  l i m i t .  

For s p e c i f i c  b i a s  t e a t  conditions required and f o r  spec i f i ed  parameter 
l i m i t r ,  gee t h e  Or ig ina l  Teet  Data Sec t ion  of t h i s  r epor t ,  

Associated T e s t i n g  Lab or a t  o r i e  s, I n  c .  
Winter Park, Florida Wayne, New Jersey 

BurlinRton. Massachlrsetts 



RISE. FALL AND STOK4GI3 TIME MEASU-S 

TEST PRoCEDlTRg 

Primarily, the pulse generator was adjusted to yield the specified 
pulae width and duty cycle. With these conditions establiahed, the 
base current (IB) and the collector current (IC) were adjuated to 
their required valuee. The rise, fall and storage time character- 
ietice were then measured. 

A simplified circuit diagram of  the aritching modules and auxiliary 
test equipment utilized are shown on the following pager. 

For clarity of  definition, the time measurement characteristics 
observed were the following: 

A. 

B. 

C. 

Rise Time 
The time duration during which the amplitude of the lead- 
ing edge of the output pulse increased from 1 6  to 9 6  of  
ita maximum amplitude. 

Storace T i 4  
The time delay between the opening of the baee oircuit and 
the pulse decay of the colleator circuit (lo$ down on the 
trailing edge of  the output pulae). 

Fall Time 
The time duration during which the amplitude of the trail- 
ing edge decreased from go$ t o  lo$ of the maximum amplitude. 
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RISE. FALL AND STORAGE TIME UEASUmTS 

TEST PROCEDURE (Continued) 

D. Storage plus Fall Time 
The time delay between the opening of the baee circuit 
and the pulse decay o f  the collector circuit (le down 
on the trailing edge of the output pulse) plus the time 
duration during which the amplitude af  the trailing 
edge decreased from SO$ to lo$ of the maximum amplitude. 

For further explanation, a pictorial representation of pulse defi- 
nition follovr: 

For rpeeific bias teet conditions required and for specified para- 
meter limits, see the Original Teat  Data eection of this report. 

All measured values f o r  the awitching parameters were t o  be within 
the range of epeoified limits. 
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SWITCUMG TI= TEST CIRCUITRY 

(Z41650) 

Transistor Under Test 

300 Ohms L/ 
15 Ohmr 

Power 

18 VDC 
Supply 

(3)  

Power Supply 
-9 VDC 
(4) 

(1)  
(2 )  Oscilloscope, Tektronix, Model 545 

(3)  

(4)  

Pulse Generator, Eleotro-Pulse, Model 345OC 

Power Supply (Constant Voltage), Electronic Measurementa, Inc. 
Model 2 1 W  

Power Supply (Constant Voltage), Electronic Measurements, Inc. 
Model 2 1 W  
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hl Be 
Generator 

(1) 

SWITCITING T U B  TEST CIRCUITRY 
(2N547 - 2N111G) 

Transistor Under Test - 
T 1 

400 Ohms 
r 

I i  I $40 ohma 

(1) 
(2) Oscilloscope, Tcktronix, Model 545 

Pulse Generator, Electro-Pnlse, Model 345OC 

(3) Power Supply (Cona tank Voltage) , Electronic 
Model 21JAL 

Measurements, Inc . 
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SECTION I1 

Diode Test Parameter Measurement Procedures 

Forward Voltage Drop o r  Forward Current (VF) 

Reverse Current or Saturation Voltage (IR) 

Zener Voltage ( V Z )  

Dynamic Impedance ( Z Z )  

Reverse Recovery T i m e  

A s s o c i a t e d  T e s t i n g  l a b o r a t o r i e s ,  I n c .  
Wayne, New Jersey Winter Park, Florida 
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FOWARD VOLTAGE DROP OR FOBWARD CURRENT (VFL 

The Diode Forward Voltage Drop (W) was measured on each test epeci- 
men utilieing a forward voltage test circuit and auxiliary test 
equipment, 
teat equipment follonri 

A simplified diagram of the test circuit and auxiliary 

DC VTMd (3) 
n 

Specimen 

Test f 
Digital Voltneter, Cubic Corp,, Model V-51, 
Constant Current Supply, Quan-Tech, Model 151B. 
DC Vscuum Tube Voltmeter, Rerlett-Packard, Atodel 412A. 

Primarily, the bias voltage wae elorly increased until the required 
Forward Current was indicated on the series connected mi1liaaanet.r. 
This was accomplished during a five second interval, With this con1 
tion established, the Forward Voltage Drop acrose the Diode rae measured 
with a DC Digital Voltmeter and the value was recorded. 

- 

When performing Forward Current, it ahould be noted that the forward 
bias voltage was slowly increased to ita required value and noted on 
the digital voltmeter, 
on the milliammeter and recorded as the Forward Current, 

The resulting forward current was then measured 
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Tho Rovorse Currrart (IB) VU rossared on eaah Diodo mabittad, 
utiliring a revorre aurront t e a t  oirauit and auxiliary tort oquipent. 
A rinplified diagram of th. krf  aircait ami auxfliaq tort e q d p w n t  
follorrt 

Dc vTw (1) 

L i m i t i n #  
. Re6irtar 

Prbarily, fhe k p r e r d  mvor'.o biaa volhge aoT088 tb. Diode rr8a 
rlorly incnued from sore to tho required voltage In01 during a 
fir, r e c d  i n k m l ,  Tho Revor- Current ram t hn  mad dirootly 
w i t h  tho rorier cronwobd microamaforpo 

W h . 9  parionring Saturatioa Voltage, it  rhould b noted that u tho 
revmrro biru voltage ru applied, tb rerulUr~g r e n n r  current waa 
oontinuouml~ m o m i t o r d  on the a i a r o m k r .  Whon tho ~ r r o  current 
reaahed i t a  n q P i n d  rdw, %be veltagt uaa then naordod am tho 
Sekrr.tion VOltag.~ 
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RFVERSE (XRRENT OR SATURATION VOLTAGE (IR) 

TEST PROcIiDURE (Continued) 

F u r t b e r , i t  should be noted t h a t  i n  the  above Terf Procedurer,  while  
t h e  reverse b i a s  was being appl ied,  i f  the tes t  diode was observed 
t o  draw an eroeaaive amount of cu r ren t  ( a h o r t i n g  condi t ion) ,  t h e  
vo l t age  waa irmuediately removed t o  avoid f u r t h e r  damage t o  the tes t  
specimen . 
The recorded va lues  f o r  rever8e cu r ren t  were n o t  t o  exceed t h e  
s p e c i f i e d  limit. 

The recorded va lues  f o r  s a t u r a t i o n  vol tage were n o t  t o  be l e a s  than 
t h e  s p e c i f i e d  l i m i t .  

For s p e c i f i c  b i a s  t e a t  condi t ions required and f o r  s p e c i f i e d  parameter 
l i m i t @ ,  ace t h e  Original  Teat  Data Sec t ion  of t h i e  report .  
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T ~ W  20n.r voltago (VZ) w u  usmured on e a  t e a t  specirn rttiliaing 
a semr voltage b a t  circuiC a d  auxiliary b e t  equiptent, A simplified 
di8gram of the teat circuit and auxiliary t e s t  equipment iolfarot 

Conatant Current Supply, Quan-Tech Model 15lB. 
0e.VaOamt T u b  Volfgekr, Herlett-Paokard, Model 412A. 
Digibl Voltater,  Cubic Corp., Model V-51. 

e w u  mloxly increased until th 

1-e develepod aaroa8 fhe ai 
amtaured an tho itrgStal voftaatmr. A l l  Dfodaa raaafnnl oearreekd iafo 
tho t e a f  cirattit until PO oignificant rarietien of the dterseterietio 
being measured m a  obaerred on the DC d i g i t a l  voltmeter. 

' 

The Zener Val-e wecruzuaenk reooldd were to be within tha rango 
of the spoeified lirita, 

For epocifio b i u  t r s t  condifiort. required and for apecified paramoter 
limit., moo the Original Teat Data Section of thia reporto 

Associated Testing laborator ies,  Inc. 
Wayne, New Jersey Winter Park, Florida 

Burlington, Massachusetts 



Tho Dynamir Impedanae (22) was rreaeured on ea& test rpecimon 
ut i l i s ing  a dpnario impdanre test eircuit and auxiliary teat equip.. 
men&. A simplified diagram of the t e s t  circuit and CiUxil iarJr that 
equipment f o l l o w :  

# 

Dc 0 8 0 ~ -  
SnPPlY lator 

I f  
1 W d  

/ 

I>c P o w r  Supply, Soropsan & CO., Ina,, Model T50-1.5. 
AC Volwter ,  HewlotWackard, Model CoOn, 
AC V o l f w b r ,  Hewleft-Paakard, Mod01 400D. 
Wid0 Buy. O~cillafer HowlottSleLAca, Model 20% 
DC Vaaptn Tuba Voltae~ar, E.rlrttPaekard, Modo1 &?A. 

Tho Pgnrpio Impedanao was determined 
dovo1op.d across tho Diodo when oporating w i t h  a do cyclo AC Zener 
Current 8Upor-bpo8ed on the Zener Test Cnrront (12). 
of the AC CPrront (ma) wm 1 6  of the apocffied DC Zener Teat Current 
(IZ) and ww moaaured aa a roltago drop a~roea a 1000 ob, l$, pro- 
cirlon resiofor, 

measuring the AC Voltage (%) 
The 8mplitude 

Tho D-0 Impedanoe ra8 then aaloulakd using the 
fOllOr%ng f0-188 

zZ(0blM) = 

Tho D p d e  f~pedanao ealculatod was not bo exceed the speaified limit, 

For speoifio bia8 feet condition8 requirod and for specified paramefar 
limik, 1.8 the Original Teat Data Seotion of thi8 report, 
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TEST PROCEDURE 

The Reveroe Ilecovery Time was determined on each Diode tes t  specimen 
u t i l i z i n g  a t e s t  module constructed i n  accordance with t h e  JAN256 
drawing. The c i r c u i t  diagram and equipment l ist  are shown on the 
following pages. 

The test  w a s  performed i n  the following sequence, Yrinlarily, the 
s p e c i f i e d  value of RL w a s  i n s e r t e d  i n t o  the t e s t  c i r c u i t  and the  
syatem c a l i b r a t e d  as follows: 

S t e p  1: 

S t e p  2: 

S t e p  J r  

step 48 

S t e p  Zr 

S t e p  6: 

The s p e c i f i e d  b i a s  vo l t ages  were appl ied t o  t h e  appropr i a t e  
i npu t  terminals ,  

The Forward Current was adjusted t o  zero. 

The inverse vo l t age  (Eb) w a s  ad jus t ed  so t h a t  the meter 
read one-half of the s p e c i f i e d  vol tage,  l e s s  than one-half' 
t he  clamp vol tage of 3 v o l t s o  

A 2 1% p r e c i s i o n  carbon r e s i s t o r  was placed i n  t h e  t e s t  c l i p s ,  
t he  purpose being t o  e s t a b l i s h  a known c u r r e n t  value indica-  
t i o n  on the  osc i l l o scope  with the v e r t i c a l  a m p l i f i e r  i n  DC 
mode of operation. The osc i l l o scope  w a s  then c a l i b r a t e d  by 
obaerving t h i s  c u r r e n t  d i s p l a y  and the  zero reference l i n e ,  
The osc i l l o scope  v e r t i c a l  d e f l e c t i o n  ampl i f i e r  was c a l i b r a t e d  
such t h a t  t h e  s p e c i f i e d  back r e s i s t a n c e  w a s  represented by a 
two cent imeter  d e f l e c t i o n  below the c e n t e r  l i n e  on t h e  o s c i l l o -  
scope g r a t i c l e .  The r e s i s t o r  was removed from the t e s t  c l i p s ,  

A Diode w a s  i n s e r t e d  i n t o  t h e  t e a t  c l i p s  and the forward b i a s  
ad jus t ed  t o  the  r equ i r ed  value with the inverae vo l t age  (Eb) 
approximately adjusted.  
j u s t e d  t o  allow f o r  t he  forward vol tage drop a c r o s s  the Diode 
under t es t ,  

The inpu t  s i g n a l ,  a negat ive going square wave ( o f  the r equ i r ed  
duty cycle) ,  d i sp l ay ing  rise and f a l l  t i m e  c h a r a c t e r i s t i c s  
as s p e c i f i e d ,  wae applied.  
qu i r ed  peak t o  peak amplitude, 

The inverse vo l t age  (Eb) was read- 

The pulse  nao adjusted t o  i t a  re- 
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ReyEBsE BECOVEBY TM! 

"EST PROCEDURE (Continued) 

Stap Zt !Fb rise t h o  aharacterirticr of both t h  

5 

e c i l l a  pa 
d catbodo follower wore obrorved and found t o  bo lea8 
than 0,og microa~co~ui~ 
capncitanco waa determined by placinq a ten micromicrofarad 
capacitor in tho test c l ips  with RL removed to form a mlt- 
ago divider w i t h  CL,, 
ton micromicroiaradr, 
The roverre rocevery time wa8 then wseurod on tbe o r c i l b -  
r c o p  ut i l i a iq  the appropriate sweep rate. 

Furthor, the tota l  load rhunt 

The raluo calculated rcu approximately 

S ~ D  8: 

Both tho rmver~o reeistanco and tbo revor80 recover time when meamurod 
at roem tomperaturo with circuit  paramekra M opecified, wero t o  be 
within the range of s p m i f i e d  limik. 
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SECTION I11 

Transistor and Diode Environmental Test Procedures 

Thermal Shock Teat 

Lead Fatigue T e s t  

Temperature Cycling T e s t  

Case Leakage Teat 

Mechanical Shock T e s t  

Vibration Variable Frequency Test 

Altitude T e a t  

A s s o c i a t e d  T e s t i n g  L a b o r a t o r i e s ,  I n c .  
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The follewing comprire the environmental test procedures ut i l iaed 
in thio program. I t  rhould b. noted t h a t  i n  a l l  casen, rsfereme ir 
made t o  the Transitators submitted for teating. However, in the case 
of Diodes, when it is neaersary for them to  undergo a l ike  enriron- 
menf, the particular test method with reference t o  Traneirton, ahall 
a100 apply t o  Diode8. 
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THERMAL SHOCK TEST 

TEST PROCEDURE 

The Trans ie tora  were subjec ted  a l t e r n a t e l y  t o  f i v e  cyc le s  of immer- 
s i o n  i n  t a p  water at O°C (+32"F) and +lOO°C (+212'F) f o r  a period 
of no t  lees  than  f i v e  seconds and f i f t e e n  seconds r e spec t ive ly .  The 
low temperature ba th  was maintained a t  t h e  s p e c i f i e d  temperatures 
wi th  t h e  a d d i t i o n  of ice  cubes. The high temperature  ba th  wae hea ted  
by a h o t  p l a t e  and maintained a t  the  b o i l i n g  s t a t e .  Fu r the r ,  t h e  
q u a n t i t i e s  of ba th  so lu t ions  were of e u f f i c i e n t  volume t o  main ta in  
t h e  requi red  temperatures  upon immersion of t h e  t e s t  epecimens. 

The t r a n s f e r  of t h e  Trans i s to r s  from t h e  high and low temperature  
ba ths  w a s  accomplished u t i l i z i n g  a wire s c r e e n  baske t  and t h e  trans- 
f e r  was n o t  t o  exceed a t e n  second in t e rva l .  

A t  t h e  completion of t h e  t e s t ,  t h e  T r a n s i s t o r s  were examined f o r  
evidence of phys ica l  damage, 
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LEAD FATIGUE TEST 

TEST PROCEDURE 

Of the T r a n s i s t o r  t e a t  group8 subjec ted  to l ead  f a t i g u e ,  f i v e  Tran- 
s i e t o r s  of each t e e t  group were subjec ted  t o  t h e  lead  pu l l .  
l ead  was  subjec ted  t o  a t o t a l  of t h r e e  90" a r c s  of t h e  aame. 
weight was a t tached  t o  each l ead  by mans of a t h r e e  inch f l e x i b l e  
cable  and an a l l i g a t o r  type  o l ip .  The weight app l i ed  to each l e d ,  
inc luding  t h e  cab le  and a l l i g a t o r  c l i p  was 16.05 O U L I C ~ I  (455 gra.m&). 
Each l ead  w a s  r e s t r i c t e d  by mean8 of a round-tip, needle-noae p l i e r  
80 t h a t  t h e  bend ocourrsd 3/32 &1/32 inch from t h e  Trana i s to r  housing. 
A l l  arc8 on a single lead we= perfomad i n  t h e  same d i r e c t i o n  and 
i n  the  a m  plane without t o r s ion ,  t o  a pos i t i on  perpendicular  t o  t h e  
p u l l  axis and back t o  the  normal pos i t i on .  

Each 
A l ead  

~ ~- ~ _ _ _ _ _ _ _  - - ~~ -~~~ - - ~~ -- ~- - ~ - - - ~  ~ ~ 

-~ ~ 

Two l eads  of each T r a n r i e t o r  were subjec ted  t o  t h e  Lead Fa t igue  Test. 
In add i t ion ,  t h e  l eads  were chosen so t h a t  each T r a n a i s t o r  wae subjec ted  
to two of t h e  t h r e e  poslrible lead  combinntiom (base  and emitter, base 

-4%mELwuee&Q€, d* d- c O l l 4 c b r ) .  - 
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Tho Tompsr8turo Cpllng tort v8a porforpwd ming fro roparate chubon ,  
heh ohambor w u  rkbiliood at tho temp.raturo orCrae, d9.C (%Yr) 
w i t h  aon-eontrollod humidity and +90°C (+1N0r) with rolatit. humidity 
eontrollod bt  9511 rorportiroly, Tho H i g h  ~empor8tPro H p r l d l t y  Chubor 
mu gwornod by ROUU of 8 twe-pom, o u  ooafrollor. Tho tort r p o b  
mom, mounted on heat rerirtant fixtaror ruitablo for tho  high sad low 
temperature o W l r o l ~ . ~ t a ,  ware *on plaood within tho  ohamber and MID- 
tainod at tho lor tomperatore o x t r e r u  for a porlod of t w l w  hourr. 
Upon romplofion of thir portion of tho tomporsturo oj.010, tho  t e a t  
mpoehnr w r o  rsrmod f r o m  tho  lor temperatruo and all0t.d to rruln 

toon dnuter,  at the oompletion of whioh t h q  wero plaood within tho 
ohubor maiafdnod at tho  hi& temporature oxfremo for 8 peried of 
t n l n  hoarr. 

Tho- oquilibrlun in all o u o i  waa ertablirhod by t lmr m u r o r r i w  
thersaoeup~o roadiagr fifteon rinutor 8part and within f2.C of e88h 
othor. Tho &err eporatlon oomprired o m  oompleto oyolo of fsmpera= 
t w o  eyoling. A total of fir. 2440pr eyolor ma priormod. 

8f (L tempor8ture oonditien Of +25'C (+no?) for  8 priod O f  f&f- 

~~~~ ~ 

At the oomplotien of the tort, tho Trm8irtorr n r o  oraainod f o r  4- 
donoo of phyrioal damago, 
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CASE LEAKACiE TEST 

The Trans i s to ra ,  while mounted t o  t h e  t e s t  f i x t u r e s ,  were plaoed 
w i t h i n  a High Pressure Chamber containing s o l u t i o n  of 99.5 p a r t s  
by weight of d w i n o r a l i s e d  water and 0.5 parts by weight of l i q u i d  
detergent .  The i n t e r n a l  pressure of t h e  test chamber was then  in- 
creased t o  75 psig  f o r  a period of t h r e e  hour.. A t  t h e  completion 
ef t h i s  period, t h e  Trens i a to r s  were removed from t h e  Preseure Chamber, 
r i n sed  in running t a p  water and allowed t o  d ry  i n  a chamber maintained 
a t  4 . C  (+104'F) f o r  three hours. The Transistor.  were then m b -  
Qected t o  a v i s u a l  examinatioa, a f t e r  which t h e  end point  measurement8 
as apec i f i ed ,  were performed. 
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TEST PROCEDURE 

The t e e t  f i x t u r e  containing t h e  T r a n s i s t o r s  w a s  s e c u r e l y  f a s t ened  t o  
t h e  table of t h e  Shock Machine. 

The T r a n s i s t o r s  were subjected t o  five ehockm i n  each d i r e c t i o n  along 
each of t h e  t h r e e  p r i n c i p l e  axes f o r  a t o t a l  of t h i r t y  shooks. Each 
shock had a 1!30 g peak amplitude and a dura t ion  of 0.5 mill isecond,  
w i th  a wave shape approximatiw one-half s i n e  wave. 

P r i o r  t o  testing, t h e  Shock Machine was c a l i b r a t d  t o  yield t h e  speci- 
f i e d  shock pulse.  
table of t h e  Shock Machine t o  a pre-cal ibrated he igh t  and t hen  per= 
m i t t i n g  the  table t o  free fa l l .  
a* t h e  underside -of t k e  s h o c k  table- the + t d  s r r e s t i m h .  
w a s  no e x c i t a t i o n  vo l t age  app l i ed  t o  t h e  T r a n s i s t o r s  during the  Shook 
Test. 

The shock pu l ses  were generated by r a i s i n g  t h e  

The fa l l  was terminated upon impact 
"hers 

After sach shock, t h e  Transistom were examine& f o r  phyaical &inlag@ 
a f t e r  which t h e  end po in t  measurements, an s p e c i f i e d ,  were perf,ormed. 
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Tho Trarrrirtorr nn roorualy l ~ r o r t o d  in tho Vibration Tort Fixtaro 
wbioh, in furs, wam rigidly mounted to tho tab10 of tho  rfbratiom 
oxulfor. Tho rrnftr wro then subjoakd to o m  forty-dnrto e y 6 h  0s 
appliod a i m  ribrrtion in e u h  of tho threo mtually porpoadioolu 
(uoo, a ~ 1 0  oenairting of a f r y u o m q  meop throughout tho ramgo 
of 20 apm to 2000 up#. Throughout the mtlro froq~omey smop, tho 
appliod vibrateq motion waa mint- at 20 g or 0.125 inah da, 
whirhomr waa a0 limit- fwtor, 

Polloring t h o  Vibration Torting, tho feet rpoolmonr n r e  removed 
from tho Vibration TortICirtur~ and 8urin.d for .ridorno of ma- 
eal -0 afkr did th. en$ pim*rsrrorrronfr, ar r i o f l i o d ,  
we- p r f o d .  

~ 
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ALTITUDB TEST 

TEST PROCEDURE 

I n  order t o  perfonr t h e  t e a t  under opera t ing  condi t ione,  t h e  Tran- 
sistor f e e t  epecimens were plocod wi th in  t h e  A l t i t u d e  Chamber in 
t h e i r  mating sockets .  

For t h e  requi red  s imulated a l t i t u d e s ,  a Modo1 A-4-L Altitude Chaaber, 
manufactured by Aasociafad Testing h b o r a t o r i e r ,  Inc. and a K i m 9 7  
High Vscuum System, Model Ro-600 wi th  integral food - through. were 
u t i l l s o d .  Both a l t i t u d e  s y s t e m  enabled t h e  t e a t  dpera tor  t o  vier 
tho  tes t  specimens while  under t h e  s imulated environment. For  opera- 
t ing condi t ions ,  wi th  the  Model A 4 L  A l t i t u d e  Chamber, t h e  o r b l e r  
i n t e r c o n e c t h g  lthe -ted deokhdt wit* ths Transrs%or test - p n e l w e r o -  
e x i t e d  throryh  access  p o r t s  i n  the  ohamber w a l l .  With t h e  Kiapey 
Rigb Vacuum Syatea, t h e  i n t e g r a l  feed-through. w e r e  u t i l i c e d  i D  the 
cabl ing  in te rconnec t ing  t h e  t e a t  socke ts  wi th  t h e  Trans i s to r  ~~ t o& 

- ~ 

- - ~  
~ 

~ 

- ~ ~ me1 ~ - 

With the t e a t  s e t  as descr ibed above, t h e  i n t e r n a l  pressure  of t h e  
chamber w a s  then  reduced t o  the  requi red  value. When t h e  requi red  
a l t i t u d e  environment was e s t ab l i shed ,  t h e  Trans i e to r r  were precondi- 
t ioned  f o r  a t e n  minute i n t e r v a l ,  a f t e r  which t h e  col leotor-base leak- 
age c u r r e n t  (ICBO) wall measured on each f e a t  specimen. The tempera- 
t u r e  p r i o r  t o  and dur ing  the A l t i t u d e  Test w a s  maintained a t  +25OC 
23'C. 

A f t e r  completing t h e  1CBO parameter meaeurernents, t he  i n t e r n a l  pres- 
s u r e  of t h e  chamber warn raised t o  r o w  ambient. The T r a m i s t o r s  were 
then  removed f r o m  t h e  Al t i t udo  Test Chamber and examined f o r  evidenco 
of physical  damage a f w  which t h e  s p e c i f i e d  errd poin t  meaeurementr 
were performed. (Pho al t i tude tort  l w o l r  won 3 m, 0.17 1, utd 
10-5 - (or 1e.r) of wreury. 
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SECTION IV 

2000 Hour Life Teste 

a) Operational 

b) Storage 

I 
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OPEINTION LIFE TEST 

TWT PROOW 

Ten Trans i s to r s ,  per  type, were subjected t o  the 2000 Hour Operation 
L i fe  Test. 
c i r cu i t s  f ab r i ca t ed  by Associated Test ing Laborator ies ,  Inc,  
l i f i e d  diagram of a t y p i c a l  L i f e  Test c i r cu i t  is shown below. 

The Trans i s to r s  were para l led  and i n s e r t e d  i n t o  Li fe  TeBt 
A simp- 

(1 
(21 DC Supply, Opad E l e c t r i c  Co., Uodel RS20. 

DC Vacuum Tube 'Voltmeter, Hen le t tPacka rd ,  Model 412A. 

The L i fe  Tes t  modules were energized and the b i a s  vo1tcrbr;ea were ad- 
j u s t ed  t o  y i e l d  the  maximum power diBBlpati@n. 
conditions are shown i n  the t ab le  on the  followiog page, 

The b i a s  and test 

The Trans i s to r s  were removed from the L i f e  Tes t  c i r c u i t s  a t  the  
completion of 100, 250, 500, 1000, 1500 and 2000 hours of t e s t i n g  
f o r  end po in t  measurements. 
in d e t a i l  on the  ind iv idua l  Operation L i fe  Teet da t a  shee t sa  

The measurements performed are  l i s t e d  

A t t e c h t a d  Test log  h b O r 8 t O t l 8 t ,  h e .  
Wayne, New Jsrsay Winter Park, Florida 
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0PFWATIO.W LIFE TEST CONDITIONS 

SE Ambient 
TvPe Condition (ohme) (ohms) (VDC) (mado) (w)  (ohms) 

az VCE I C  Pd B1 

NS117 
2N328 
2W18 

2N335 
2N336 
2N119 

2wo3 
CK4 19 
"1367 
2N547 
2N542 

2N1650 

16.0 25.0 

15,4 25,O 

25.0 20.0 

1500 10.0 

1500 10,O 

l!jOO 10.0 

1'j00 20,o 

10.0 800 

10.0 8.0 

500 120 

15.0 1303 
20.0 500 

2~1116 60,o 33,3 

2N1016 24,O 2.7 

400 

385 
500 

150 

150 

150 

300 
80 

80 

600 
200 

10.0 
watte 

200 
w a t t s  

70.0 
wattr 

0 

0 

680 

1OK 
1 OK 
1OK 
0 
0 

0 

10 

10K 
10 

10K 

5.30 

1.OK 
1,OK 
1,8K 

1.5K 
1.5K 
lo% 
1.OK 

20 7K 

207K 

43.0 
1,OK 

10.0 

820 

5.0 

TA = +25oc 

TA = +25OC 
TA = +25OC 

TA = +25OC 
TA = +2'joC 

TA = +25OC 

TA = +25OC 

TA - +25OC 
TA = +25OC 
TA = +25OC 

TA * +25OC 

Note 1 

Note 2 

Note 3 

Note 1: W165O - Test performed with T r a n s i s t o r r  placed within a 
cons t an t ly  a g i t a t e d  Silicon oil ba th  (TC = 100 - l l O ° C ) ,  

Note 2: 2N1116 - Teat  performed i n  a iIigh Temperature Asaociated 
Terting Laborator iee ,  Inc, Chamber (TA - +68OC) 
with T r a n s i s t o r s  mounted on 3" X 3" X 1/16l* aluminum 
h e a t  sinks. 

Note 3: 2N1016 - Li fe  Test performed with TC = 90 - 100OC. The u n i t s  
were mounted on Wakefield h e a t  einka Model 5100 with 
30cfm used t o  maintain case temperature. 
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OPERATION LIFE TEST 

TBST PROCEDURE 

Ten Diodes, per type, were subjected t o  the 2000 Hour Life Test, 
The Diodes were inserted i n t o  Life Test c i r - u i t s  fabricated by 
Associated Test ing Laboratories, Inc. Simplif ied diagrams of 
the Life  Teat circuits are shown below, 

R e c t i f i e r  Diodes 

115 V 
60 cps 
aource 
0 

Zener Diode8 

- 

IDC 
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200 RB 

250 ma 
l o 0  

20.r  

5.0 rasp, 

75a 
a amp.* 
12 r e p a  

71.5 = 
77- 
4 1 e 5  
20.8 II, 

06 m 

+25*C 

+25W 

+23W 

+2!% 
+2S*C 
+25W 

+25W 

+25*C 
+25W 

+25*c 
+25@C 

+2TeC 
4 5 . C  

li Unit uaa to be run a t  424 VAC arrd L O  ~ r a p ~ r r ~ r ,  D C a  Bowowr, 
they roald not operate a t  these valuer. 
wed to evaluate the maxims8 curnnt and voltage th8 unib 
would wi tha tand. 

Spare unite were 

. 
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